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THE DEPENDENCE OF THE FISHES ON THE DIATOMS 

ALBERT MANN 

Carnegie Institution of Washington 

There is no better illustration in science of the practical value of ecology 
than is afforded by the diatoms. The economic importance they are now 
seen to have might have been understood fifty years earlier and some use 
might have been made of their value during that period of time, if the inter- 
relation of these remarkable plants with other forms of aquatic life had 
been prominent in the minds of investigators. As it is, they remained for 
many years little more than the playthings of microscopists, prized and won- 
dered over because of their astonishing beauty, collected at great expense by 
enthusiastic amateurs, and illustrated in costly books, which may be searched 
through in vain for any hint of their worth outside of that belonging to their 
symmetry of form and striking loveliness of design. 

I do not wish to underestimate the practical value of any purely aesthetic 
study of Nature, in this gross, bank-book period of history; for the element 
of beauty, so dominant in all about us, is of unimagined worth to our de- 
velopment and especially to our understanding of the purpose of things. 
But the beneficial results which I believe are to follow from a better appre- 
ciation of the r6le the diatoms play in human economy deserves a so much 
larger measure of attention than it has received, that special emphasis is 
here put upon it, and very properly so, as this r6le is a strictly ecological one. 

The many uses of the diatoms aside from the one here treated -their 
influence on the improvement of the microscope, their worth as an abrasive, 
their formation of dynamite by union with nitroglycerine, their service in 
therapeutics as a bacteriological filter, their value in glass and porcelain 
manufacture-these are undoubtedly collectively outweighed by their value 
as a food for our edible fishes. To make clear the extent of the service the 
diatoms render in this respect and the opportunity they offer for improve- 
ment in fish-culture methods, it is necessary to state a fact, evident enough 
but easily overlooked, namely, that in the sea as on the land the fundamental 
supply of all food comes from vegetation; that the elements necessary for 

[Ecology, Vol. II, No. i, was issued February 25, I92L.] 

79 



8o ALBERT MANN Vol. II, No. 2 

life are as hopelessly beyond the reach of aquatic animals as of terrestrial 
animals; and that fecundity and growth are as rigidly proportionate to the 
abundance of plant-life in the sea as on the land. In consequence of this, 
the ocean has its fertile fields and its deserts as unmistakably as does the 
shore; and when marine plant-life is multiplied, the long chain of animal 
organisms directly or indirectly feeding upon it shows the same propor- 
tionate increase that is seen when all these interrelations are terrestrial. 

In a sense this dependence of aquatic animal life on aquatic plants must 
have been perceived almost as soon as the objects were discovered; but two 
causes have delayed any practical utilization of the fact. The first is the 
mistiness of our knowledge of the life-habits of all aquatic organisms. This 
field of research is a hard one; and even today we know little of the haunts 
and habits of those innumerable denizens of the deep whose scientific names 
have long been recorded in taxonomy. We cannot follow them in their 
wanderings or watch them closely in their activities. A new insect or bird 
is forthwith tracked to its home; its food, its habitat, its span of life, its 
migrations, are discovered. But a fish comes into our net or an echinoderm 
is dredged from the sea-bed, and all its life story, beyond its mere appear- 
ance, drips from it and is lost like the water in which it lived. The second 
hindering cause is that we earn our bread with the sweat of our brow but 
we take our fish as Nature provides it. We cultivate the land but we do not 
cultivate the sea. Now, in one respect this great discrepancy is being rapidly 
and successfully met. The depletion of rivers, lakes, and even coastal 
waters is being counteracted by the admirable genius and industry of the 
U. S. Bureau of Fisheries. But fish hatching and the restocking of depleted 
areas are as clearly only part of the problem as the multiplication of cattle is 
only part of the problem of animal industry. Bigger herds demand wider 
pasturage, more fodder. When we think of the enormous advance made by 
agriculture in securing higher soil productiveness, better grazing lands, more 
winter fodder, and contrast these results with the complete absence of any 
attempt to improve the food-supply of the marine world-that vast store- 
house covering three fourths of the globe-we are confronted with a start- 
ling discrepancy in our economic methods. And it is one which only ecology 
can correct; for it is based on the interrelations existing between a host of 
aquatic organisms and on the diverse environmental factors that work for 
or against their well-being. 

In order to fix our attention on that particular part of the subject indi- 
cated by the title of this article and show its bearing on fish-culture, let me 
call your atention to the following points: 

i. The diatoms are the great fundamental food-supply of the aquatic 
world. They are the grass of the sea. They people all waters in all lati- 
tudes. They surpass in bulk, or annual productiveness, all the other aquatic 
plants a thousand fold. They are available as food, not only in the shal- 
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lower waters along the coast, but constitute almost the only prolific form of 
plant-life in the open ocean. They are so minute as to be available for food 
for the smallest animal organisms, and yet, because of their abundance, they 
represent the sole food-supply of some of the larger forms. They are highly 
nutritious, and not one among the thousands of living species, so far as is 
known, is deleterious. 

2. They differ in genera and species in different localities as strongly as 
do terrestrial plants. Not only are there clearly marked arctic, temperate, 
and torrid zone diatoms, but the contrast between the local diatom flora of 
one part of the country and that of another is often very marked. Thus the 
diatom combination of Beaufort, North Carolina, is easily distinguished 
from that of Woods Hole, Massachusetts, while that found along the shores 
of Florida is even more dissimilar. So general is this diversity of each 
locality, that it is safe to say the diatomist could recognize by a sample its 
geographic origin as accurately as the botanist recognizes the source of a 
collection of phanerogams, were our knowledge of the diatoms in different 
waters as full and accurate as our knowledge of terrestrial plants in different 
lands. And this fact being established, it is natural to carry the comparison 
a little further and to wonder if there cannot be some sort of marine agri- 
culture, some science dealing with the improvement and multiplication of 
desirable sea-plants, as we deal with desirable land-plants. And this brings 
us to a third point in diatom ecology, namely: 

3. The life-habits of different genera of diatoms fit them for very dis- 
similar habitats. Some live wholly in fresh-water, others are marine, a few 
invariably brackish. Many species are attached and therefore confined to 
those places where submerged objects afford the necessary foothold. Others 
live principally or wholly on the bottom and have the power of locomotion. 
A very large number are pelagic, and either represent the main ingredient of 
the great plankton life of the ocean or constitute the food of those minute 
animal organisms, like the copepods, which characterize such planktons. It 
is evident therefore that the kinds of diatoms to be found in any locality, or 
capable of being introduced there, depend on the particular life-habits belong- 
ing to the different species. 

4. Each species also has its seasonal period of growth. This is generally 
in spring or early summer, but in a few instances the maximum is in autumn. 
There are a few species that show a biannual increase, the second one being 
the smaller. In consequence of these differences, the period of the year at 
which a given species is at its maximum of abundance becomes an important 
factor in its value as a direct or indirect food-supply for migrating fishes. 
If it is coincident with the annual arrival of these fishes, or so precedes it as 
to give rise to a more prolific animal food at the time of arrival, the result 
will be wholly different from what would follow with diatom species de- 
veloping earlier or later. There is also great variation in the abundance of 
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certain species in successive years. This seems to be principally confined to 
plankton forms. For example, in July, i9i9, Vineyard Sound, Buzzard Bay 
and adjoining areas were so filled with one plankton diatom, Rhizosolenia 
setigera Bright., that the water was milky. In previous years it was uncom- 
mon; and although it appeared off Gay Head and at some other places late 
in July of this year, the quantity was not at all marked and in most places 
it seemed to be entirely lacking. The controlling factors of this erratic an- 
nual variation are at present too obscure to admit of a statement. Undoubt- 
edly along the coast or on the open sea the major factor may be taken to be 
the annual changes in the great ocean currents and in those surface move- 
ments caused by wind and tide. But that these do not suffice for an explana- 
tion is proven by the fact that in quiet waters, like inland ponds and streams, 
the difference in the diatom flora from year to year is sometimes very great. 
All diatom collectors are aware of another fact, namely, that one bay or 
coastal indentation may be prolific in diatoms and another nearby, and ap- 
parently as well adapted to their growth, may afford only a meager supply. 
Here also knowledge is too inadequate to warrant a statement of the reason; 
but I am ready to hazard the opinion that in some instances the balance be- 
tween diatoms and those organisms that feed on them is more nearly even 
in the depleted locality than in the other; in other words, the surplus hoped 
for by the collector is not there because it has been consumed. If we lay 
alongside of this possible truth the well-known fact, that fish are more abun- 
dant where there is the largest supply of food, a helpful ray of light may be 
shed on the scarcity of edible fish at certain places along our shores. Many 
other factors are of course involved, but perhaps the foregoing is also a 
noteworthy factor. My object in mentioning this supposition is merely to 
show that there is here a possible improvement of the natural resources of 
certain marine and inland areas which can be brought about by intelligent 
diatom studies along ecological lines. For it was along just such ecological 
lines that vast tracts of western territory have been changed into productive- 
ness by the introduction of plants better adapted to those places than the 
indigenous ones which "Nature" provided. It certainly is as unwise to 
leave everything to the bounty of "Nature" in her aquatic as in her terres- 
trial realm. The man who trusts in Providence for bread does well; but if 
he lives in Arizona and does nothing more, he will probably go hungry. 

As the chain of interrelation between the fishes, lobsters, clams, oysters, 
and other edible sea forms, on the one hand, and the diatoms, on the other, 
is sometimes one of a single link but more often of many links, it is perhaps 
worth stating that the dependence of the fishes, etc., on the diatoms is as real 
in the one case as in the other. Some of our economically important fishes, 
as the menhaden, are preeminently diatom feeders; but in the very great ma- 
jority of cases this is not true. A relatively large number include diatoms 
in their menu during the first periods of life, but soon change to a mixed 
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or wholly carnivorous diet; and there are doubtless a good many that never 
feed upon them at all. But whatever the food of any species, that food in 
its turn must be adequately abundant, and can be so only by an ample supply 
of its particular food. So that the strength of our chain, regardless of the 
number of its links, must be dependent on that first and fundamental link 
which joins it organically to the inorganic elements of which all living forms 
are composed, elements which are unavailable until woven into living tissue 
on the mysterious loom of the chlorophyl-bearing plant. And this, in the 
entire aquatic world, is par excellence the diatoms. Let me cite an example: 
In i9i9 I examined the stomach contents of some young hake, about five 
inches in length. They were filled with very small herring. These in turn 
were gorged with two species of copepods; and the copepods were full of 
diatoms. Very clearly this chain of four links is equal to a sentence of four 
words-No diatoms, no hake. 

It is to be hoped that this article will induce more investigators to take 
up the ecological study of the diatoms. It has been written solely for that 
purpose. The student of these " Jewels of the Plant-World " will be amazed 
and captivated by their beauty and diversity; but if, according to them the 
admiration they deserve, he will give serious attention to their ecological 
value, to their important bearing on our marine and fresh-water food supply, 
he will find a territory where earlier footprints are far too few and where 
his diligence will receive an ample reward. 
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